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A colonização de diferentes substratos presentes na cavidade oral por micro-
organismos e o desenvolvimento de biofilme são fatores etiológicos da maioria das 
doenças orais. Além dos dentes, materiais como titânio e polimetilmetacrilato são 
comumente encontradas neste ambiente e o papel que estes substratos 
desempenham na prevalência de populações bacteriana e fúngica em biofilmes 
orais são pouco compreendidas. Além disso, o comportamento da população 
microbiana de biofilmes orais multiespécies na presença de antimicrobianos 
liberados na saliva permanece desconhecido. Assim, o objetivo deste estudo foi (i) 
avaliar o efeito de diferentes substratos na prevalência de micro-organismos em 
biofilmes orais multiespécies e (ii) o efeito de antimicrobianos liberados na saliva 
na população microbiana de biofilmes multiespécies. Para o primeiro estudo, 
discos de hidroxiapatita, titânio e polimetilmetacrilato (PMMA) foram utilizados 
como substrato para o desenvolvimento do biofilme mimetizando esmalte dental, 
implantes dentários e base de prótese, respectivamente. O modelo de biofilme 
multiespécies foi composto por cinco bactérias (Streptococcus oralis, 
Streptococcus mutans, Actinomyces naeslundii, Veillonella dispar e Fusobacterium 
nucleatum) e um fungo (Candida albicans). Biofilmes maduros (64,5 h de 
desenvolvimento) foram removidos por ondas ultrassônicas, plaqueados em meio 
ágar e as contagens de UFC de cada micro-organismo foram calculadas. A 
microscopia eletrônica de varredura foi utilizada para visualizar a superfície dos 
materiais. Os dados foram analisados por ANOVA um critério. Para o segundo 
estudo o mesmo modelo de biofilme multiespécies foi utilizado. Dois antibióticos, 
azitromicina e metronidazol, e um antifúngico, fluconazol, foram avaliados. 
Biofilmes maduros (64,5 h de desenvolvimento) foram expostos a azitromicina, 
metronidazol ou fluconazol em concentrações encontrada na saliva de 2,12 μg/mL, 
15,15 μg/mL e 2,56 μg/mL, respectivamente, por 24h. Após este período, o 
biofilme foi removido por ondas ultrassônicas, plaqueados em meio ágar e as 
contagens de UFC de cada micro-organismo foram calculadas. Microscópio 
eletrônico de varredura e microscópio a laser de varredura confocal com células 
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coradas por hibridização in situ por fluorescência (FISH) foram utilizados para 
avaliar a estrutura do biofilme. Os dados foram analisados por teste t para 
amostras independentes e testes não paramétricos de Mann-Whitney. O primeiro 
estudo não mostrou diferença na população para cada micro-organismo no 
biofilme entre os entre três materiais avaliados (p>0,05). No segundo estudo, 
todos os antimicrobianos avaliados foram capazes de alterar a população 
microbiana (p<0,05), no entanto nenhum dos agentes antimicrobianos foi capaz de 
eliminar completamente um micro-organismo específico do biofilme. Azitromicina 
reduziu as populações de A. naeslundii e V. dispar enquanto aumentou C. 
albicans (p<0,05). Metronidazol reduziu todos os micro-organismos avaliados, com 
uma grande redução para V. dispar e F. nucleatum (p<0,001). Fluconazol reduziu 
populações de C. albicans e F. nucleatum e aumentou as contagens de S. oralis e 
V. dispar (p<0,05). Pode concluir-se que os substratos não foram capazes de 
interferir na formação dos biofilmes multiespécies e que os antimicrobianos em 
concentrações semelhantes às liberadas  na saliva alteraram a população 
microbiana. 
 
Palavras-chave: Biofilme, Hidroxiapatita, Titânio, Polimetilmetacrilato, 












The colonization of different substrata present in the oral cavity by microorganisms 
and the biofilm development are the etiological factors of the majority of oral 
diseases. Besides the teeth, materials such as titanium and polymethylmetacrylate 
are commonly found in this environment and the role these substrata play on the 
prevalence of bacterial and fungal population in oral biofilms are poorly understood. 
In addition, the behavior of microbial population of multispecies oral biofilms in the 
presence of antimicrobials released in saliva remains unknown. Thus, the aim of 
this study was (i) to evaluate the effect of different substrata on the prevalence of 
microorganisms in an oral multispecies biofilms and (ii) the effect of antimicrobials 
released in saliva on the microbial population of a multispecies biofilms. For the 
first study hydroxyapatite, titanium and polymethylmetacrylate (PMMA) discs were 
used as substrata for biofilm development mimicking tooth enamel, dental implant 
and denture base, respectively. The multispecies biofilm model was composed by 
five bacteria (Streptococcus oralis, Streptococcus mutans, Actinomyces naeslundii, 
Veillonella dispar and Fusobacterium nucleatum) and one yeast (Candida albicans). 
Mature biofilms (64.5 h of development) were removed by ultrasonic waves, plated 
on agar media and CFU counts of each microorganism were calculated. Scanning 
electron microscopy was used to visualize the materials’ surface. Data were 
analysed by one-way ANOVA. For the second study the same multispecies biofilm 
model was used. Two antibiotics, azithromycin and metronidazole, and one 
antifungal, fluconazole, were evaluated. Mature biofilms (64.5 h development) were 
exposed to azithromycin, metronidazole or fluconazole at concentrations found in 
saliva of 2.12 μg/mL, 15.15 μg/mL and 2.56 μg/ml, respectively, for 24h. After this 
period, the biofilm was removed by ultrasonic waves, plated on agar media and 
CFU counts of each microorganism were calculated. Scanning electron microscopy 
and confocal scanning laser microscopy with cells stained by fluorescent in situ 
hybridization (FISH) technique were used to assess the biofilm structure. Data 
were analysed by independent-samples t-test and Mann-Whitney nonparametric 
test. The first study showed no difference in the biofilm population for each 
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microorganism among the three materials evaluated (p>0.05). In the second study, 
all antimicrobials evaluated were able to change microbial population (p<0.05), 
however none of the antimicrobials was able to completely eliminate a specific 
microorganism from the biofilm. Azithromycin reduced A. naeslundii and V. dispar 
population while increased C. albicans (p<0.05). Metronidazole reduced all the 
microorganisms evaluated, with a great reduction for V. dispar and F. nucleatum 
(p<0.001). Fluconazole reduced C. albicans and F. nucleatum population and 
increased S. oralis and V. dispar counts (p<0.05).  It can be concluded that the 
substrata were not able to interfere with the formation of multispecies biofilms and 
antimicrobials in concentrations similar to those released in the saliva changed 
microbial population, however they were not able to eliminate microorganisms. 
 
Key Words: Biofilm, Hydroxyapatite, Titanium, Polymethylmetacrylate, 
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O desenvolvimento de biofilme na cavidade oral em superfícies não 
descamativas é o principal responsável pelas doenças orais. Dentes, implantes 
osseointegrados e próteses removíveis são substratos passíveis de colonização 
por bactérias e fungos e, portanto, são superfícies susceptíveis ao acúmulo de 
biofilme (Marsh et al., 2011; Samaranayake et al., 2009; Teughels et al., 2006). Os 
micro-organismos organizados em biofilme e os metabólitos produzidos por estes 
podem ocasionar danos no substrato ao qual estão aderidos e também podem 
causar danos aos tecidos adjacentes (Diaz, 2012; Marsh et al., 2011; Williams et 
al., 2011). 
A cárie dental é um exemplo de doença que resulta em danos ao 
substrato dental. Na presença de carboidratos fermentáveis, bactérias presentes 
no biofilme produzem ácidos, os quais causam a desmineralização do tecido 
dental (Marsh, 2003). Diferentemente, na periodontite e peri-implantite, a presença 
dos metabólitos microbianos na região do sulco gengival e peri-implantar, 
respectivamente, desencadeiam reação imune inflamatória e destruição 
progressiva dos tecidos de suporte, podendo ocasionar na perda do elemento 
dental ou do implante osseointegrado (Diaz, 2012; Marsh et al., 2011). De maneira 
semelhante, nos casos de estomatite protética a agressão ocorre no tecido 
mucoso em íntimo contato com a base da prótese na presença do biofilme  
(Samaranayake et al., 2009; Williams et al., 2011). 
Embora estas doenças estejam associadas a biofilmes formados em 
um ambiente com condições físico-químicas semelhantes, a composição 
microbiológica difere nos distintos sítios orais acometidos. As diferentes 
composições dos materiais e suas características de superfícies têm sido 
apontadas como fatores que facilitariam a colonização dos materiais por 
determinadas espécies, a exemplo das bases de próteses removíveis, as quais 
seriam mais facilmente colonizadas pelo fungo Candida albicans (Busscher et al., 
2010; Verran and Maryan, 1997; Williams et al., 2011). 
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Dentre os fatores relatados que poderiam interferir na adesão dos 
micro-organismos nos diferentes substratos estão a energia livre de superfície do 
material e a rugosidade de superfície. A energia livre de superfície está 
relacionada com a adesão dos micro-organismos aos diferentes substratos por 
interações inespecíficas como ligações iônicas e pontes de hidrogênio (Teughels 
et al., 2006). Entretanto tem se observado que a formação da película adquirida 
sobre a superfície dos substratos tende a equalizar as forças eletrostáticas dos 
materiais (Hannig and Hannig, 2009; van der Mei et al., 2012), não atuando como 
um forte fator na seleção microbiana. Entretanto ainda pouco se sabe sobre o 
papel do material na composição microbiológica em biofilmes orais. 
Na cavidade oral os diferentes substratos são banhados por saliva e 
sobre eles há a formação de uma película de glicoproteínas salivares, a qual 
favorece a adesão de colonizadores iniciais (Hannig and Hannig, 2009; Marsh et 
al., 2011). O acúmulo de micro-organismos, caso não seja interrompido, determina 
a formação de biofilme e as condições do microambiente em cada sítio oral 
influência a prevalência de determinadas espécies, constituindo o biofilme uma 
organização dinâmica de células (Aas et al., 2007; Aas et al., 2008; Busscher et al., 
2010; Diaz, 2012; Marsh et al., 2011). Apesar de Streptococcus oralis, 
Streptococcus mutans, Actinomyces naeslundii, Fusobacterium nucleatum, 
Veillonella dispar e Candida albicans (Guggenheim et al., 2001; Marsh et al., 2011; 
Samaranayake et al., 2009; Williams et al., 2011) serem micro-organismos 
comensais na cavidade oral, a prevalência de cada uma dessas espécies pode 
diferir nos biofilmes relacionados às patologias em diferentes sítios orais 
(Guggenheim et al., 2001; Fejerskov, 2004; Aas et al., 2005; Teughels et al., 2006; 
Baelum et al., 2007; Busscher et al., 2010; Marsh et al., 2011). 
A literatura é rica em estudos com biofilmes mono espécie avaliando 
resposta da espécie mais prevalente em biofilmes patogênicos, entretanto a 
interação entre as espécies não é contemplada (Ccahuana-Vasquez and Cury, 
2010; Jang et al., 2012; Koo et al., 2003; Pereira-Cenci et al., 2008). Bactérias e 
fungos interagem entre si no processo de formação de um biofilme. Os 
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metabólitos secretados e os sistemas de comunicação via moléculas sinalizadoras 
contribuem na colonização e formação de biofilme (De Sordi and Muhlschlegel, 
2009; Jakubovics, 2010; Jang et al., 2012; Jarosz et al., 2009; Mashburn-Warren 
et al., 2010; Senadheera and Cvitkovitch, 2008). Dessa maneira, estudos com 
modelos de biofilmes multiespécies são necessários, visto a complexidade desses 
biofilmes nas diferentes patologias (Aas et al., 2005; Aas et al., 2007; Aas et al., 
2008; Guggenheim et al., 2001; Marsh et al., 2011). 
Embora algumas espécies não estejam associadas a biofilmes 
patogênicos, elas são importantes para a formação do biofilme, a exemplo dos 
Streptococcus oralis, que são bactérias importantes na colonização inicial e atuam 
como fatores adjuvantes para adesão de outros micro-organismos (Kolenbrander, 
2011; Marsh et al., 2011). Entretanto, outros micro-organismos são prevalentes 
em determinadas doenças, como por exemplo, Streptococcus mutans, que está 
relacionado à cárie dental (Burne, 1998; Marsh et al., 2011); Actinomyces 
naeslundii, a cárie radicular (Brailsford et al., 1999); Fusobacterium nucleatum, a 
doença periodontal (Aas et al., 2007; Diaz, 2012; Zijnge et al., 2012); e Candida 
albicans, a casos de estomatite protética (Pereira-Cenci et al., 2008; 
Samaranayake et al., 2009). Além dessas espécies patogênicas, outras podem 
estar presentes em grande quantidade em biofilmes orais e devem ser 
consideradas em estudos envolvendo biofilmes multiespécies, como a Veillonella 
dispar (Aas et al., 2005; Arif et al., 2008). Além da existência de diversos micro-
organismos durante o processo de colonização e maturação do biofilme ser um 
fator relevante na estruturação do mesmo, outros fatores podem interferir na 
composição microbiológica do biofilme. 
A presença de antimicrobianos liberados na saliva poderia alterar o 
microambiente do biofilme e modificar a organização dos biofilmes, bem como 
alterar a prevalência de determinadas espécies (Soriano and Rodriguez-Cerrato, 
2002). Nos tratamentos de infecções bacterianas, alguns antibióticos 
administrados por via oral apresentam-se em elevadas concentrações salivares, 
como a azitromicina e o metronidazol com valores de 2,12 μg/mL e 15,15 μg/mL, 
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respectivamente (Van Oosten et al., 1986; Blandizzi et al., 1999; Pahkla et al., 
2005;). Entretanto a ação desses antibióticos liberados na saliva e a alteração que 
poderia ocorrer na organização e população das espécies presentes no biofilme 
são desconhecidas. Devido ao medicamento ser antibacteriano, poderia favorecer 
a proliferação de espécies fúngicas no biofilme. Diferentemente, a utilização de 
fluconazol via oral, o qual atinge concentrações salivares de 2,56 μg/mL (Force 
and Nahata, 1995), poderia favorecer a proliferação de espécies bacterianas, 
entretanto não há conhecimento dessas hipóteses em estudos que mimetizam 
biofilmes formados em condições semelhantes ao ambiente oral. 
Tendo em vista o escasso conhecimento sobre a colonização e 
organização das espécies de micro-organismos constituintes do biofilme em 
diferentes substratos presentes na cavidade oral e também da ausência de 
estudos sobre as possíveis alterações que possam ocorrer no biofilme quando 
exposto a concentrações de antimicrobianos frequentemente utilizados o presente 
estudo se faz necessário. Dessa maneira, o objetivo do estudo foi avaliar o efeito 
de diferentes substratos na prevalência de micro-organismos em biofilmes orais 
multiespécies e também a ação de antimicrobianos em concentrações salivares na 
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This study evaluated the effect of substrata on the prevalence of 
microorganisms in a multispecies biofilm. Hydroxyapatite, titanium and 
polymethylmetacrylate were used as substrata for the development of multispecies 
biofilm (Streptococcus oralis, Streptococcus mutans, Actinomyces naeslundii, 
Veillonella dispar, Fusobacterium nucleatum and Candida albicans). Mature 
biofilms (64.5 h) were collected, plated on agar media and CFU counts of each 
microorganism were calculated. Materials’ surfaces were visualised by SEM before 
biofilm formation. The materials presented distinct surface irregularities observed in 
the SEM images and no difference in the biofilm population for each 
microorganism was found among the three materials evaluated (p>0.05). In 
conclusion, the substrata only were not able to interfere in the prevalence of 
microorganisms in biofilm. 
 
INTRODUCTION 
In the oral cavity hard surfaces other than teeth are present such as 
titanium, in oral implants and prosthetic components, and polymethylmetacrylate 
(PMMA), in denture bases. All these substrata are subjected to colonization by 
bacteria and fungi present in the mouth and consequently, biofilm accumulation (1). 
In biofilms, the prevalence of different microbial species depends on the 
oral site where they are formed. The frequent isolation of Streptococcus mutans in 
dental caries-associated biofilms (2), gram-negative anaerobes in periodontitis and 
peri-implantitis (3), and Candida albicans in denture stomatitis (4), have been 
reported linking higher predominance of some species to specific-pathogens 
pathogenic biofilms (1). 
Teeth, titanium and polymethylmetacrylate present different composition 
and they are associated with different biofilm diseases (1, 3, 5). It has been stated 
that the substratum is an important factor for microbial colonization (1, 4-6). 
Polymethylmetacrylate, used as denture base material, has shown to favour 
Candida spp. colonization (1, 4), however the role that different materials play on 
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microbial prevalence is poorly understood in oral biofilms in similar condition as 
found in the mouth.  
The purpose of this study was to investigate the effect of different 
substrata on the prevalence of microorganisms in an oral multispecies biofilm. 
 
MATERIAL AND METHODS 
Preparation of hydroxyapatite, titanium and PMMA discs 
Hydroxyapatite discs were purchased from Clarkson Chromatography 
Products Inc. (South Williamsport, PA). Titanium discs were fabricated from a 
cylindrical bar of titanium grade IV (10 mm diameter; Sandinox, São Paulo, Brazil) 
sliced by electrical discharge machining. Polymethylmetacrylate (PMMA) discs 
were prepared using acrylic resin polymerized by hot water bath (QC-20 PMMA, 
Dentsply Ltd., Weybridge, England). The acrylic resin was placed inside a stainless 
steel matrix and the polymerization cycle was performed according to the 
manufacturer’s instructions. The disks of all the three substrata (10 mm diameter 
and 2 mm thickness) had the surface roughness standardized by grinding both 
sides with progressively smoother aluminium oxide papers (320, 400 and 600 grit) 
in a horizontal polisher (APL-4; Arotec, São Paulo, Brazil). Next, they were washed 
twice with sterile distilled water and then ultrasonicated for 20 min to remove any 
residues from the surface. 
Surface roughness 
The surface roughness was measured using a profilometer (Surfcorder 
SE 1700; Kosaka Laboratory Ltd, Kosaka, Japan) with a 0.01mm resolution, 
calibrated with a cut-off value of 0.8 mm, 2.4-mm percussion of measure, and 0.5 
mm/s. Three readings were made for each side of the specimen, and a mean value 
was calculated (7). Previously to the biofilm assay, the discs were placed in disc 






Multispecies biofilm assay 
The multispecies biofilm assay was performed as described by 
Guggenheim et al. (2001) with slight modifications (8-10). The microorganisms 
used in this study were Streptococcus oralis OMZ 607, Streptococcus mutans 
OMZ 918, Actinomyces naeslundii OMZ 745, Veillonella dispar OMZ 493, 
Fusobacterium nucleatum OMZ 596 and Candida albicans OMZ 110 (8). First of all, 
the sterilized discs were placed in 24-well tissue culture plate in vertical position 
using disc holders, covered with 2.0 mL of saliva, and incubated for 4 h at 37 ºC to 
form the salivary pellicle (9). Each disc was removed and placed in another well 
containing 1.8 mL of a medium mixture composed of 70% saliva + 30% mFUM 0.3% 
glucose (fluid universal medium supplemented with 67 mmol/L Sorensen's buffer, 
pH 7.2) and 225 µL of the 6-species, which were prepared by mixing equal 
volumes of each density-adjusted culture  at 1.0 ± 0.05 (OD500) (10). The culture 
plate was incubated anaerobically at 37°C for 16.5 h. After that, the discs were 
washed by three consecutive dips in 0.9% NaCl solution and inserted in fresh 
medium mixture composed of 70% saliva + 30% mFUM with 0.15% glucose and 
0.15% sucrose. This change to fresh medium mixture was performed at each 24 h 
(16.5 h, 40.5 h and 64.5 h). In addition to this step, the discs were dipped twice a 
day (4 h and 8 h after the change of the medium mixture) in 2 mL of 0.9% NaCl 
solution. At the last medium change (64.5 h), the biofilm formed on the discs were 
collected and evaluated. The multispecies biofilm assay was performed in triplicate 
in three independent experiments on different days (n = 9). 
 
Biofilm analyses 
After the biofilm development (64.5 h), each disc was washed three 
times in 2 mL of 0.9% NaCl solution and aseptically inserted into a cryogenic tube 
containing 3 mL of 0.9% NaCl solution. Biofilm was removed from the disc by 
ultrasonic waves at 7 W for 30 s (2) and this suspension was serially diluted (10-1 
to 10-6) in 0.9% NaCl solution. Aliquots of 50 µL were plated on Columbia blood 
agar (Difco, Sparks, MD, USA) supplemented with 5% defibrinated sheep blood 
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(CBA), Mitis Salivarius Agar (MSA; Difco, Sparks, MD, USA), CBA supplemented 
with erythromycin (1 mg/L; Sigma-Aldrich), norfloxacin (1 mg/L; Sigma-Aldrich), 
and vancomycin (4 mg/L; Sigma-Aldrich) (CBA+), and Biggy Agar (BBL, BD, 
Franklin Lakes, NJ, USA). CBA and CBA+ plates were incubated anaerobically at 
37 ºC for 72 h. MSA plates were incubated at 37 ºC and 10% CO2 for 48 h and 
Biggy Agar plates incubated aerobically at 37 ºC for 24 h. Colony-forming units 
(CFU) were counted using a stereomicroscope. CBA plates were used to count 
total microorganisms, Actinomyces naeslundii and Veillonella dispar; MSA, S. 
oralis and S. mutans; CBA+, F. nucleatum; and Biggy Agar, C. albicans. Biofilm dry 
weight was also estimated with 400 μl of the biofilm suspension (2). The results 
were expressed in CFU per mg of dry weight of biofilm. 
 
Scanning electron microscopy 
Scanning electron microscopy (SEM) was performed to visualize the 
surface of the three different materials before biofilm formation. The discs were 
mounted on stubs, sputter-coated with gold and examined with a scanning electron 




The statistical analyses were done using SAS software (SAS Institute 
Inc., version 8.01, Cary, N.C., USA) employing a significance level fixed at 5%. The 
null hypothesis assumed no difference among the three materials evaluated for 
microorganism counts. Data that violated the assumptions of equality of variances 
and normal distribution of errors were transformed to log10 before they were 
analyzed by one-way ANOVA.  
 
RESULTS 
Assessment of the various materials with SEM revealed microporosities 
on the hydroxyapatite discs, while titanium and PMMA presented a smooth surface 
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with grooves due to the grinding process (Fig. 1). Despite the differences of 
surface irregularities, all materials showed similar surface roughness of 0.32 (± 
0.01), 0.32 (± 0.01) and 0.34 ± (0.02) μm obtained for hydroxyapatite, titanium and 
PMMA discs, respectively. No difference was found for the counts of each 
microorganism and total microorganisms in biofilms collected from the three 
materials evaluated (p>0.05) (Table 1). 
 
 
Figure 1. SEM images showing the materials’ surfaces: H- hydroxyapatite, T- 
titanium and R- PMMA. 
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Table 1. Counts (CFU/dry weight) of each microorganism and total 
microorganisms in the biofilms formed on hydroxyapatite, titanium and PMMA 
(mean ± SD). 
 
















Hydroxyapatite 2.8 ± 1.0 3.6 ± 2.5 3.2 ± 2.2 0.5 ± 0.6 1.0 ± 0.4 1.4 ± 0.6 5.8 ± 3.1 
Titanium 2.7 ± 2.0 2.2 ± 2.0 2.4 ± 1.2 1.0 ± 2.1 1.1 ± 0.7 1.1 ± 0.7 4.8 ± 2.9 
PMMA 3.9 ± 1.3 3.9 ± 2.8 4.0 ± 1.0 0.7 ± 1.5 1.3 ± 0.5 1.1 ± 0.7 6.3 ± 2.3 
 
No significant differences were found for microbial counts among the different substrata. 
 
DISCUSSION 
Our study has shown that the substrata were not able to interfere in the 
prevalence of microorganisms in an established biofilm. This finding help us to 
better understand the role that materials play on the biofilms formed in the oral 
cavity. Although the various substrata in mouth possess peculiar surface properties, 
which are implied to be an important factor in the colonization process (1, 5), they 
did not affect the bacterial and fungal population in the mature biofilms. 
Surface roughness is a surface property well known to favour microbial 
adhesion and, consequently, the amount of biofilm formed (1, 4, 11). The surface 
irregularities and porosities contribute as sites for microbial colonization, protecting 
the microorganisms from removal by shear forces. In this study we submit each 
substratum to a double-side grinding process in order to provide surfaces with 
similar smoothness to avoid bias among the three materials. 
Another surface property that could interfere in microbial colonization is 
related to the surface physicochemical characteristic, such as surface free energy, 
which is inherent to material composition. It has been reported that 
polymethylmetacrylate, used as denture base material, could favour higher 
colonization by Candida albicans due the hydrophobicity of the substratum (1, 4). 
The higher prevalence of yeasts in the biofilm would let denture wearers more 
prone to develop denture stomatitis. However this role was not observed in our 
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study, since the prevalence of C. albicans was similar among the substrata. 
Likewise, there was no difference on counts of bacterial species in the biofilms 
formed on the different materials. 
The lack of difference in microbial prevalence can be explained by two 
factors. The first one is related to the stage when the biofilm was collected. Our 
aim was to assess the microorganisms organized as biofilm on the materials. A 
great number of studies evaluate only adherent cells on the surface (1, 7, 12), and 
not microorganisms organized in biofilms as it occurs in the disease process in the 
mouth (5). The second factor is concerned to the presence of the acquired pellicle 
that probably levelled off the different properties of the substrata (1, 6). The 
glycoproteins adsorbed on the substratum surface favour a similar condition for 
colonization by microorganisms and biofilm growth (6). 
The multispecies biofilm model was used to mimic the oral environment 
during biofilm formation. Besides is composed of different species commonly found 
in oral biofilms, the model relies on the constant presence of high amount of saliva 
as in the mouth (8, 9). However, the oral microenvironment in dental caries, 
periodontitis, peri-implantitis and denture stomatitis are very distinct. In an attempt 
to extrapolate our data to the clinical reality we could infer that the different 
microenvironments present in the mouth are the main responsibles for species 
selection in the biofilm. Oxygen tension, pH, inflammatory exudates, host-derived 
macromolecules and presence of fermentable carbohydrates are examples of 
factors that contribute to the shift in prevalence of species in oral biofilms (2, 3). 
Further studies with other restorative materials are needed to further increase our 
understanding on the role of substrata on oral biofilms. In addition, studies with 
multispecies biofilms growing in environments that mimic the different oral disease 








Based on the results, it can be concluded that different substrata 
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Oral biofilms are responsible for the majority of oral diseases and the 
effect of antimicrobials released in saliva on bacterial and fungal population is 
poorly understood. The aim of this study was to investigate the effect of salivary 
concentration of antimicrobials on microbial population of a multispecies biofilm.  
Two antibiotics, azithromycin and metronidazole, and one antifungal were 
evaluated. Hydroxyapatite, titanium and polymethylmetacrylate (PMMA) discs were 
used as substrata for biofilm development mimicking tooth enamel, dental implant 
and denture base, respectively. The multispecies biofilm model were composed by 
five bacteria (Streptococcus oralis, Streptococcus mutans, Actinomyces naeslundii, 
Veillonella dispar and Fusobacterium nucleatum) and one yeast (Candida albicans). 
Mature biofilms (64.5 h of development) were exposed to one of each antimicrobial 
(azithromycin, metronidazole or fluconazole) at salivary concentrations for 24 h. 
After this period, the biofilm was removed by ultrasonic waves, plated on agar 
media and CFU counts of each microorganism were calculated. Scanning electron 
microscopy and confocal scanning laser microscopy with cells stained by 
fluorescent in situ hybridization (FISH) technique were used to assess the biofilm 
structure. All antimicrobials evaluated were able to change microbial population in 
biofilms (p<0.05), however none of them were able to completely eliminate a 
specific microorganism from the biofilm. Azithromycin reduced A. naeslundii and V. 
dispar population while increased C. albicans (p<0.05). Metronidazole reduced all 
the microorganisms evaluated, with a great reduction for V. dispar and F. 
nucleatum (p<0.001). Fluconazole reduced C. albicans and F. nucleatum 
population and increased S. oralis and V. dispar counts (p<0.05). It was possible to 




Biofilms on hard and soft tissues are the main cause of diseases in the 
oral cavity (1-3). Teeth, dental implants and dentures are substrata amenable to 
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colonization by bacteria and fungi present in the mouth, and therefore, they are 
prone to biofilm accumulation. The microorganisms organized in biofilms and the 
metabolites produced by them can cause damage on the substratum to which they 
are attached to, as in dental caries (2, 4), or in the surrounding tissues, as in 
periodontitis, peri-implantitis (1, 5) and denture stomatitis (3, 6). 
The biofilms are formed by early colonisers, mainly streptococci and 
actinomyces (2), which bind to acquired pellicle-coated surfaces, and then other 
species bind to the already-adhered cells (7). Biofilm development is a dynamic 
temporal process and its structure and microbial composition are affected by 
environmental factors (1-3). In different oral sites, higher prevalence of some 
microorganisms in pathogenic biofilms has been reported, such as Streptococcus 
mutans, in dental caries (2, 8); Actinomyces naeslundii, in root caries (9); gram-
negative anaerobes, in periodontitis and peri-implantitis (1, 5, 10), and Candida 
albicans, in cases of denture stomatitis (3, 6).  
A common feature for oral biofilms is that all of them are surrounded by 
saliva. Besides being a nutritional source and providing glycoproteins to form the 
acquired pellicle (7), saliva can deliver high concentration of drugs in the oral cavity 
(11-14), which could affect structure and population of oral biofilms. Some 
antimicrobials used to treat bacterial and fungal infection via systemic therapy 
reach high concentrations in saliva, due the chemical properties of the drug in the 
absorption and distribution pharmacokinetic steps (14). The bioavailability of 
antimicrobial in saliva can be steady for a long period of time in orally administered 
drugs, either in short- or long-term treatments. 
Azithromycin, metronidazole and fluconazole are drugs commonly used 
not only in the treatment of oral infections, but also in the treatment of a wide range 
of infections in non-oral sites. Azithromycin has a wide spectrum of action towards 
aerobic and facultative gram-positive microorganisms, mainly staphylococci and 
streptococci, and some anaerobic bacteria as well (11, 15). Metronidazole, which 
also has a wide spectrum of action, is used to treat obligate anaerobes (13, 16, 17). 
Fluconazole, a fungistatic drug, is used to treat Candida spp. infections (12, 18).  
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These antimicrobials are bioavailable in high concentration in saliva, 
which could lead to changes in oral biofilms (14). Azithromycin and metronidazole 
provide high concentration of antibiotics in saliva with values of 2.12 μg/mL and 
15.15 μg/mL, respectively (11, 13, 17). However their action in saliva to change the 
organization and population of the species present in the biofilm are poorly 
understood. As antibacterial drugs, they also could favour the proliferation of fungal 
species in the biofilm. In contrast, the use of fluconazole, which reaches salivary 
concentrations of 2.56 μg/ mL (12), could favour the proliferation of bacterial 
species; however these hypotheses in controlled studies of biofilms formed on 
conditions similar to the oral environment remain to be tested. 
Biofilms have been extensively studied mainly as mono and duo-species 
(19-21), however few studies have evaluated more complex biofilms regarding 
bacterial and fungal interactions in multispecies models mimicking the oral cavity 
(22-24). Since oral biofilms accumulated on different substrata serve as a reservoir 
of bacterial and fungal species and the effect of antibacterial and antifungal agents 
present in saliva on biofilms are poorly understood, the purpose in our study was to 
evaluate the effect of antimicrobials released in saliva on microbial population of a 
multispecies biofilm model.   
 
MATERIAL AND METHODS 
 
Experimental design 
This in vitro study had a completely randomised and blinded design 
(regarding CFU counts) with antimicrobials (azithromycin, metronidazole or 
fluconazole) as factors. CFU counts of the microorganisms in the multispecies 
biofilm (Streptococcus oralis OMZ 607, Streptococcus mutans OMZ 918, 
Actinomyces naeslundii OMZ 745, Veillonella dispar OMZ 493, Fusobacterium 
nucleatum OMZ 596, Candida albicans OMZ 110 and total microorganisms) were 
dependent variables. Hydroxyapatite, titanium and polymethylmetacrylate (PMMA) 
discs were used as substrata for biofilm development mimicking tooth enamel, 
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dental implant and denture base, respectively. Biofilms grown on hydroxyapatite 
were exposed to azithromycin, on titanium to metronidazole and on PMMA to 
fluconazole. Biofilms formed on the different substrata without drug exposure was 
used as control for each treatment. Discs were placed in vertical position by disc 
holders in 24-well tissue culture plates. Mature multispecies biofilms (64.5 h of 
development) were exposed to antimicrobial (azithromycin, metronidazole or 
fluconazole) at salivary concentrations for 24 h. After this period, the biofilm was 
removed from the discs by ultrasonic waves, plated on agar media and CFU 
counts of each microorganism were calculated. Scanning electron microscopy 
(SEM) was used to visualise the biofilm structure and confocal scanning laser 
microscopy (CLSM) was used to assess the spatial arrangement of the cells 
stained by fluorescent in situ hybridization (FISH) technique. 
 
Preparation of hydroxyapatite, titanium and PMMA discs 
Hydroxyapatite discs were purchased from Clarkson Chromatography 
Products Inc. (South Williamsport, PA). Titanium discs were fabricated from a 
cylindrical bar of titanium grade IV (10 mm diameter; Sandinox, São Paulo, Brazil) 
sliced by electrical discharge machining. Polymethylmetacrylate (PMMA) discs 
were prepared using acrylic resin polymerized by hot water bath (QC-20 PMMA, 
Dentsply Ltd., Weybridge, England). The acrylic resin was placed inside a stainless 
steel matrix and the polymerization cycle was performed according to the 
manufacturer’s instructions. The PMMA discs were immersed in distilled water at 
37 ºC for 12 h for residual monomer release (25). The disks of all the three 
substrata (10 mm diameter and 2 mm thickness) had the surface roughness 
standardized by grinding both sides with progressively smoother aluminium oxide 
papers (320, 400 and 600 grit) in a horizontal polisher (model APL-4; Arotec, São 
Paulo, Brazil). Next, they were washed twice with sterile distilled water and then 
ultrasonicated for 20 min to remove any residues from the surface. The surface 
roughness was measured using a profilometer (Surfcorder SE 1700; Kosaka 
Laboratory Ltd, Kosaka, Japan) (26). The average surface roughness obtained for 
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hydroxyapatite, titanium and PMMA discs were 0.32 (± 0.02), 0.33 (± 0.01) and 
0.34 ± (0.02) μm, respectively. Previously to the biofilm assay, the discs were 
placed in disc holders and sterilized by ethylene oxide (27). 
 
Inoculum and media 
The microorganisms used in this study were Streptococcus oralis OMZ 
607, Streptococcus mutans OMZ 918, Actinomyces naeslundii OMZ 745, 
Veillonella dispar OMZ 493, Fusobacterium nucleatum OMZ 596 and Candida 
albicans OMZ 110 (22, 28). The microorganisms were first grown on Columbia 
blood agar (Difco, Sparks, MD, USA) supplemented with 5% defibrinated sheep 
blood (CBA), and then in fluid universal medium (29) supplemented with 67 mmol/L 
Sorensen's buffer, pH 7.2 (modified fluid universal medium, mFUM). V. dispar was 
cultivated in mFUM containing 0.10% (w/v) Na lactate. The five bacteria were 
incubated in anaerobic atmosphere at 37 ºC, while the yeast was incubated in 
aerobic atmosphere at 37 ºC. The cultures were adjusted independently to an 
optical density of 1.0 ± 0.05 (OD500) by dilution with fresh mFUM or by 
centrifugation of the cells and resuspension with fresh mFUM. The inoculum was 
composed of aliquots of 1 mL of each density-adjusted culture that were mixed and 
stored on ice until the onset of the biofilm assay.  
 
Human saliva collection 
Human whole unstimulated saliva was collected from healthy volunteers 
who had not used antimicrobials, mouth rinses or any other medication known to 
affect salivary composition and flow in the past 3 months and who provided written 
informed consent previously approved by the local Ethics Committee. Unstimulated 
saliva was collected in the morning before any meal for 1 h using 50 mL 
polypropylene tubes immersed in ice and frozen at -20 ºC. After several days of 
collection, the total amount was pooled and centrifuged (10,000x rpm, 30 min, 4 
ºC). The supernatant was pasteurized (30 min, 60 ºC) and centrifuged again in 
sterile bottles. The supernatant saliva was stored in 50 mL polypropylene tubes at -
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20 ºC. To verify contamination, samples of the processed saliva were plated on 
CBA and incubated aerobically and anaerobically for 72 h (22). Saliva was used to 




 Two antibacterial drugs, azithromycin (C38H72N2O12; MW 748.98) and 
metronidazole (C6H9N3O3; MW 171.15), and one antifungal drug, fluconazole 
(C13H12F2N6O; MW 306.27), were evaluated.  The antimicrobials were purchased 
from Sigma-Aldrich (St. Louis, MO, USA) and used to prepare stock solutions at a 
final concentration of 1,000 µg/mL. Metronidazole and fluconazole were 
ressuspended in distilled water, while azithromycin was ressuspended in ethanol. 
The stock solutions were sterilized by filtration (0.22 μm pore size membrane filter) 
and stored in freezer at -20 ºC until the onset of the biofilm assay. 
 
Multispecies biofilm assay 
The multispecies biofilm assay was performed as described by 
Guggenheim et al. (2001) with slight modifications (22, 30, 31). First of all, the 
sterilized discs were placed in 24-well tissue culture plate in vertical position using 
disc holders, covered with 2.0 mL of processed whole unstimulated saliva, and 
incubated for 4 h at 37 ºC to form the salivary pellicle. Each disc was removed and 
placed in another well containing 1.8 mL of a medium mixture composed of 70% 
saliva + 30% mFUM with 0.3% glucose and 225 µL of the inoculum previously 
described. The culture plate was incubated anaerobically at 37°C for 16.5 h. After 
that, the discs were washed by three consecutive dips in 0.9% NaCl solution and 
inserted in fresh medium mixture composed of 70% saliva + 30% mFUM with 0.15% 
glucose and 0.15% sucrose. This change to fresh medium mixture was performed 
at each 24 h (16.5 h, 40.5 h and 64.5 h). In addition to this step, the discs were 
dipped twice a day (4 h and 8 h after the change of the medium mixture) in 2 mL of 
0.9% NaCl solution. At the last medium change (64.5 h), the biofilm formed on the 
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discs were exposed to one of each antimicrobial evaluated for 24 h. Biofilms used 
as control were immersed only in the medium mixture without drug exposure. It 
was used the concentration of the antimicrobial reported in saliva as a normal 
release of drug. The biofilm formed on hydroxyapatite were exposed to 
azithromycin concentration of 2.12 μg/mL (11), on titanium to metronidazole 
concentration of 15.15 μg/mL (13), and on PMMA to fluconazole concentration of 
2.56 μg/mL (12). The multispecies biofilm assay for each antimicrobial was 
performed in triplicate in three independent experiments on different days (n = 9). 
 
Biofilm analyses 
After the biofilm development phase and drug exposure (88.5 h), each 
disc was washed three times in 2 mL of 0.9% NaCl solution and aseptically 
inserted into a cryogenic tube containing 3 mL of 0.9% NaCl solution. Biofilm was 
removed from the disc by ultrasonic waves at 7 W for 30 s (32) and this 
suspension was serially diluted (10-1 to 10-6) in 0.9% NaCl solution. Aliquots of 50 
µL were plated on Columbia blood agar (Difco, Sparks, MD, USA) supplemented 
with 5% defibrinated sheep blood (CBA), Mitis Salivarius Agar (MSA; Difco, Sparks, 
MD, USA), Cadmium Sulfate Fluoride Acridine Trypticase Agar (CFAT) (33), 
Veillonella Agar (34), CBA supplemented with erythromycin (1 mg/L; Sigma-
Aldrich), norfloxacin (1 mg/L; Sigma-Aldrich), and vancomycin (4 mg/L; Sigma-
Aldrich) (CBA+), and Biggy Agar (BBL, BD, Franklin Lakes, NJ, USA) (35). CBA, 
Veillonella agar, CFAT and CBA+ plates were incubated anaerobically at 37 ºC for 
72 h. MSA plates were incubated at 37 ºC and 10% CO2 for 48 h and Biggy Agar 
plates incubated aerobically at 37 ºC for 24 h. Colony-forming units (CFU) were 
counted using a stereomicroscope. CBA plates were used to count total 
microorganisms; MSA, S. oralis and S. mutans; CFAT, A. naeslundii; Veillonella 
Agar, V. dispar; CBA+ F. nucleatum; and Biggy Agar, C. albicans. Biofilm dry 
weight was also estimated with 400 μL of the biofilm suspension (36). The results 




Scanning electron microscopy and confocal scanning laser microscopy 
Scanning electron microscopy (SEM) was performed to examine the 
surface of the biofilm formed after exposure to antimicrobial. After biofilm 
development phase and drug exposure (88.5 h) all discs were washed three times 
in 0.9% NaCl solution and fixed in 2% glutaraldehyde for 2 h. The discs with the 
biofilm was dehydrated by rinsing in ethanol, air-dried, mounted on stubs, sputter-
coated with gold and examined with a scanning electron microscope (JEOL JSM-
5600LV; Peabody, MA, USA) at an accelerating voltage of 15 kV. 
Confocal scanning laser microscopy (CSLM) was used to visualize C. 
albicans in the biofilm formed on PMMA discs exposed to fluconazole. The 
oligonucleotide probes to specific 16S rRNA and 18S rRNA sequences labelled 
with different fluorophore at the 5’-end were purchased from Invitrogen (Eugene, 
OR, USA). The eubacteria probe EUB 388 (5´- Alexa Fluor 488 - GCT GCC TCC 
CGT AGG AGT-3´) (37) was used to stain all bacteria and the eukaryotic probe 
EUK 516 (5´- Alexa Fluor 647 - ACC AGA CTT GCC CTC C-3´) (38) to stain C. 
albicans. The biofilm cells were stained by fluorescent in situ hybridization (FISH) 
as described by Thurnheer et al. (2004) with slight modifications. Briefly, the discs 
with biofilm (control and experimental) were fixed in 4% paraformaldehyde/PBS for 
1 h, permeabilized by treatment with lysozyme (70,000 U/mL in Tris-HCl pH 7.5; 
Sigma-Aldrich) for 10 min at 37 ºC, and washed in 0.9% NaCl solution. The discs 
were removed from the disc holders and the biofilms were pre-incubated in 
hybridization buffer (0.9 M NaCl, 20 mM Tris-HCl, 30% formamide and 0.01% SDS) 
at 46 ºC for 15 min. After that, the discs were immersed in hybridization buffer 
containing the probes (5 µg/mL) and incubated at 46 ºC for 3 h. The discs were 
transferred to washing buffer (20 mM Tris-HCl pH 7.5, 5 mM EDTA, 112 mM NaCl 
and 0.01% SDS) and were incubated for 15 min at 48 ºC. The excess of saline was 
removed and the discs were embedded upside-down in 10 µl of Mowiol (39). Discs 
were stored protected from the light at room temperature for 6 h before 
examination. Biofilms were evaluated using DMI 6000 CS inverted microscope 
(Leica Microsystems CMS, Mannheim, Germany) coupled to TCS SP5 computer-
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operated confocal laser scanning system (Leica Microsystems CMS, Mannheim, 
Germany).  Ar-ion laser tuned at 488 nm and a He-Ne laser at 633 nm were used 
for excitation of EUB 388 (Alexa Fluor 488) and EUK 516 (Alexa Fluor 647), 
respectively. Filters were set to 500 - 540 nm for detection of “Alexa Fluor 488” and 
660 - 710 nm for “Alexa Fluor 647”. To assess the structure of the biofilms, a series 
of optical sections was taken throughout the full depth of the biofilm by acquisition 
with Z-step. Confocal images were obtained using 40x oil immersion objective 
(numeric aperture 1.25). Each biofilm was scanned at randomly selected positions. 
Image acquisition was done in 8x line average mode. 
 
Statistical analysis 
The statistical analyses were done using SAS software (SAS Institute 
Inc., version 8.01, Cary, N.C., USA) employing a significance level fixed at 5%. The 
null hypothesis assumed no difference for microorganisms counts in the biofilms 
exposed to antimicrobials. Data that violated the assumptions of equality of 
variances and normal distribution of errors were transformed to log10 (40) before 
they were analyzed by independent-samples t test. When no transformation was 
adequate to normalize data (V. dispar and F. nucleatum counts in the biofilm 
exposed to metronidazole; and V. dispar counts in the biofilm exposed to 




All evaluated antimicrobials were able to change microbial population in 
biofilms (p<0.05), however none of the antimicrobials were able to completely 
eradicate a specific microorganism from the biofilm. The exposure to azithromycin 
reduced A. naeslundii and V. dispar population while increased C. albicans in the 
biofilm, as shown in Fig. 1. Although changes were observed in microbial 
population, no difference was found for total microorganism counts. The exposure 
to metronidazole reduced significantly the counts of all microorganisms evaluated, 
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which reflected reduction for total microorganism counts (p<0.05), as shown in Fig. 
2. A great reduction was observed mainly for the two anaerobic gram-negative 
bacteria, V. dispar (3-log decrease) and F. nucleatum (5-log decrease) (p<0.001). 
The microbial counts for the biofilms exposed to fluconazole are shown in Fig. 3. 
Fluconazole reduced C. albicans population, however it was not enough to 
eliminate the yeast. A reduction was also found for F. nucleatum. Microbial 
population increases were observed for S. oralis, but mainly for V. dispar. No 
difference was found for total microorganism counts.  
 
 
Figure 1. Multispecies biofilm formed on hydroxyapatite and exposed to 
salivary concentration of azithromycin (2.12 µg/mL) for 24h. Asterisk 
represents statistically significant difference between control (white bar) 
and experimental (grey bar) groups for each microorganism (p<0.05). 






Figure 2. Multispecies biofilm formed on titanium and exposed to salivary 
concentration of metronidazole (15.15 µg/mL) for 24h. Asterisk represents 
statistically significant difference between control (white bar) and 
experimental (grey bar) groups for each microorganism (p<0.05). Data are 
presented in a log10 scale. 
 
 
Figure 3. Multispecies biofilm formed on PMMA and exposed to salivary 
concentration of fluconazole (2.56 µg/mL) for 24h. Asterisk represents 
statistically significant difference between control (white bar) and 
experimental (grey bar) groups for each microorganism (p<0.05). Data 




Scanning electron microscopy (SEM) images showed that the 
antimicrobials in salivary concentration were able to alter the multispecies biofilm 
structural organization (Fig. 4). In the biofilms evaluated, C. albicans was often 
seen not on the superficial layers, the yeast was localized mainly on the deepest 
layers, close to the substratum. However, in the biofilm exposed to azithromycin it 
was possible to see C. albicans even on the superficial layers, probably due the 
decrease of some bacteria and increase of C. albicans population. It was also 
observed the growth of F. nucleatum on yeast surface. The biofilm exposed to 
metronidazole showed high amounts of empty spaces, probably due to the 
considerable loss of F. nucleatum, and it was possible to see mainly streptococci 
and actinomyces. The SEM images of the biofilm exposed to fluconazole showed 
to be very similar to the control group, however, when visualized by FISH, it was 
possible to see the presence of pseudohyphae and hyphae cells in the 








Figure 4. SEM images showing the multispecies biofilm organization. Multispecies biofilms were grown for 64.5 h and then were exposed to 
salivary concentration of antimicrobials for more 24 h or not (control). C – control group (no antimicrobial exposure; biofilm formed on 





Figure 5. CSLM images showing C. albicans in the multispecies biofilm. Multispecies 
biofilms were grown for 64.5 h and then were exposed to salivary concentration of 
fluconazole (2.12 µg/mL) for more 24 h or not (control). The microorganisms were 
stained by FISH technique: total bacteria in green (probe EUB 388 coupled to Alexa 
Fluor 488) and C. albicans in purple (EUK 516 coupled to Alexa Fluor 647). Control 
group (A) presented C. albicans as yeast cells, while the experimental group (B) showed 
predominance of C. albicans as pseudohyphal and hyphal forms. (40x oil immersion 
objective; zoom 3x). 
 
DISCUSSION 
In our study we evaluated how antimicrobials present in saliva can affect 
the microbial population of a mature oral biofilm. Considering that oral biofilms act 
as a reservoir of microorganisms that can cause disease in oral and non-oral sites, 
compromising even the systemic health, it is important to investigate if microbial 
population can be affected by antimicrobials. We evaluated three antimicrobials, 
two antibiotics and one antifungal agent, which are highly bioavailable in saliva and 
are prescribed for the treatment of a wide range of infections via systemic drug 
administration. In view of our results, we could observe that the antimicrobials not 




Oral biofilms are complex and dynamic communities composed by 
different species of microorganisms which interact themselves since the initial 
adhesion step on substratum until growth and maturation. Although studies use 
mainly single-species (19, 36) or even duo- or three-species biofilm models (20), 
they point out the need for studies in multispecies biofilms that could represent in a 
most faithful way the oral cavity. In this study we used a validated multispecies 
biofilm model (22), which has been used and refined throughout the last eleven 
years (23, 24, 28, 30, 31, 41, 42). This model was composed by five bacteria that 
represent the main population in supragingival biofilms and one yeast, a 
microorganism also found in this environment. The advantage of using an in vitro 
model was the possibility to standardize species and amount of microorganisms, 
which are very difficult in studies with clinical samples, in view of the great 
variability of the microbial composition of oral biofilms. However, the great 
advantage of using this model was the possibility to evaluate the exposure of oral 
biofilms to antimicrobials without the need to use animals or humans for research 
purposes. 
The antimicrobials evaluated are used for the treatment of bacterial or 
fungal infections and the reason for their choice was based on their high 
bioavailability, being well distributed into most body tissues and fluids, including 
saliva. These drugs are naturally released in saliva, which also favours the drug 
redistribution by saliva swallowing. The reported bioavailability after oral 
administration of azithromycin, metronidazole and fluconazole is around 37%, 80% 
and 90%, respectively (11, 13, 15-18), which can be high when compared with 
other antimicrobials (14, 43). Our aim was not to assess the antimicrobials for 
biofilm control, but to evaluate if microbial population could be affected by the 
concentration of antimicrobials commonly released in saliva. 
Azithromycin was one of the antibiotics evaluated. It is a semi-synthetic 
macrolide that penetrates the cell wall and binds to the 50S ribosomal subunit of 
the 70S ribosome of susceptible organisms, thereby inhibiting RNA-dependent 
protein synthesis. Azithromycin is as a bacteriostatic antibiotic, however it can be 
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bactericidal depending on antibiotic concentration and bacterial sensitivity. The 
biofilm exposed to azithromycin showed reduced levels of A. naeslundii, a 
facultative gram-positive bacterium, and V. dispar, an anaerobic gram-negative 
bacterium. The reduction of these microorganisms is in agreement of the drug 
spectrum of action, which includes action towards aerobic and facultative gram-
positive microorganisms and some anaerobic bacteria as well. Though this drug is 
widely used for treatment of streptococci infections, such as S. pyogenes and S. 
pneumonia (44), no significant reduction was observed in the counts of the two 
streptococci used in this model, S. oralis and S. mutans. There was a decrease 
tendency in the counts, but they were not statically significant.  
The lack of drug action in S. oralis and S. mutans could be due to 
distinct factors. First, it depends on how these streptococci are susceptible to this 
drug. Second, the supplied azithromycin concentration of 2.12 µg/mL, similar as 
found in mouth, could not be sufficient to affect these bacteria. An interesting 
observation was the increase of C. albicans levels, probably due to the reduction of 
bacteria on the biofilm. In addition, only the biofilm exposed to azithromycin 
showed C. albicans cells on its surface, the yeast was not visualized on the surface 
of the other biofilms, control and treated with other antimicrobials (Fig. 4). It has 
been reported that the use of wide spectrum antibiotics prone denture wearers to 
develop Candida-associate diseases (6), this is the first study to show this relation 
in a multispecies biofilm. The higher counts and the yeast presence on the biofilm 
surface could favour C. albicans to penetrate the mucosa through the fitting 
denture surface.  
Multispecies biofilm exposed to metronidazole showed reduced 
population for all microorganisms, but mainly for the anaerobes F. nucleatum and 
V. dispar. Metronidazole is a selective drug for anaerobic bacteria, because 
although it is able to penetrate all cells, only sensitive anaerobes have the electron 
transport proteins necessary to reduce the drug and produce metabolites that are 
responsible to cause DNA damage, and consequently cell death, being a 
bactericidal drug (16). F. nucleatum is one of the most prevalent microorganisms in 
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this multispecies biofilm model, and its reduction, affected the tridimensional 
structure of the biofilm. It was possible to observe by the SEM images (Fig. 4; 3a to 
3c) that the exposure to metronidazole left a scaffold of cells, composed mainly by 
actinomyces and streptococci, with empty spaces through the biofilm. Considering 
that a mature biofilm was used, probably a great number of F. nucleatum and V. 
dispar cells was killed and they detached from the biofilm taking together other 
microbial cells, which would explain the reduction for all of the other 
microorganisms (Fig 2). Despite the great reduction in anaerobes caused by 
metronidazole, it was not able to completely eliminate these microorganisms. 
Removal of the antibiotic probably would favour the growth of the anaerobes to 
initial levels. 
Fluconazole was the only antifungal evaluated. The drug is mainly 
fungistatic and acts inhibiting the cytochrome P450 enzyme Erg11, which is 
required for ergosterol synthesis, the main sterol in the fungal cell membrane. The 
replacement of ergosterol by methylated sterols affects membrane packing, which 
alters membrane permeability and functions (18, 45). The biofilm exposed to 
fluconazole showed reduced counts for C. albicans, probably due the antifungal 
presence. The decrease observed for F. nucleatum could be associated with C. 
albicans reduction. It was observed in SEM images of the group exposed to 
azithromycin (Fig. 4; 2c) that F. nucleatum was present on C. albicans surface. 
Interactions between facultative/anaerobe bacteria and C. albicans have been 
reported. The yeast acts reducing the oxygen tension, which provides a better 
micro environment for F. nucleatum growth (46). The higher counts of V. dispar 
and the slight increase for S. oralis are probably due the reduction of the other 
microorganisms. 
The biofilm exposed to fluconazole presented similar structural 
organization when compared with the control, as seen by SEM images (Fig 4), 
however it was not possible to visualize C. albicans, the main target of the 
antifungal used. Therefore we used FISH technique and CLSM to gain 
understanding of the yeast localization. It was interesting to visualize the 
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morphological differentiation for C. albicans, with the presence of pseudohyphae 
and hyphae cells in the biofilm exposed to fluconazole. Although the drug could act 
inhibiting hyphal differentiation (18), it was reported that the exposure to lower 
concentrations of the drug favoured the cells to stay in the hyphal form (45). It is 
important to emphasize that hyphae is considered as a virulence factor for C. 
albicans and probably acts as a dormant state for the yeast during drug exposure 
in low concentration. 
Despite the fact that the antimicrobials can be released in high 
concentration in the oral environment, they are not able to completely eliminate 
microbial species. Probably the drug concentration is not sufficient to kill the 
sensitive microorganisms, and in addition, the intercellular material among the 
microorganisms, which is composed mainly by extracellular polysaccharides, can 
also provide protection for cells in the lowest layers against antimicrobial agents. 
The aim of using antimicrobials is to aid the immunological system to control 
infection, however in the oral cavity the immune response is restricted. The oral 
biofilms are mostly present in non-vascularized areas, bathed mainly by saliva, and 
the action of immune system cells is very limited. Therefore, the mechanical 
disturbance and removal of biofilms remain important in order to control oral 
infectious diseases. 
Our null hypothesis tested was rejected since the results showed that 
antimicrobials were able to change microbial population of oral biofilms. The 
clinical importance of our study is that antimicrobials released in saliva can 
modulate bacterial and fungal population in biofilms. The use of antibiotics can 
favour C. albicans growth and, on the other hand, the use of antifungals can alter 
bacterial population. In our study we evaluated a six multi-species model, however 
the oral biofilms are composed by larger amount of microorganisms, which has to 
be evaluated in more complex biofilms. Moreover, the evaluation of other 
antimicrobials is needed in order to assess the role of different agents on oral 
biofilms. Further studies on how virulently the microorganisms behave during and 
after the antimicrobial exposure and the relationship with immune system control 
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has also to be evaluated. Oral biofilms, exposure to drugs and immune system is a 
wide field of study to be investigated. 
 
CONCLUSION 
It was possible to conclude that multispecies biofilms exposed to 
antimicrobials in concentration commonly released in saliva alter the bacterial and 
fungal population, and also affect the biofilm structural organization. 
 
ACKNOWLEDGMENTS 
The authors thank Prof. Dr. Bernhard Guggenheim for providing the 
microorganisms used in the multispecies biofilm model (OMZ strains). We are 
grateful to São Paulo Research Foundation (FAPESP) for the scholarship  
received by the first author during his graduation course (# 2009/10698-0) and for 
the financial support provided by the research grant (# 2010/07894-9). We also 
thank Eliene A. Orsini Narvaes and Adriano L. Martins for the technical assistance 
in the scanning electron and confocal scanning laser microscopy. 
 
REFERENCES 
1. Diaz PI. Microbial diversity and interactions in subgingival biofilm communities. 
Frontiers of oral biology 2012;15:17-40. 
2. Marsh PD, Moter A, Devine DA. Dental plaque biofilms: communities, conflict 
and control. Periodontology 2000 2011;55(1):16-35. 
3. Williams DW, Kuriyama T, Silva S, Malic S, Lewis MA. Candida biofilms and oral 
candidosis: treatment and prevention. Periodontology 2000 2011;55(1):250-265. 
4. Aas JA, Griffen AL, Dardis SR, Lee AM, Olsen I, Dewhirst FE, et al. Bacteria of 
dental caries in primary and permanent teeth in children and young adults. Journal 
of clinical microbiology 2008;46(4):1407-1417. 
35 
 
5. Aas JA, Barbuto SM, Alpagot T, Olsen I, Dewhirst FE, Paster BJ. Subgingival 
plaque microbiota in HIV positive patients. Journal of clinical periodontology 
2007;34(3):189-195. 
6. Samaranayake LP, Keung Leung W, Jin L. Oral mucosal fungal infections. 
Periodontology 2000 2009;49:39-59. 
7. Hannig C, Hannig M. The oral cavity--a key system to understand substratum-
dependent bioadhesion on solid surfaces in man. Clinical oral investigations 
2009;13(2):123-139. 
8. Burne RA. Oral streptococci... products of their environment. Journal of dental 
research 1998;77(3):445-452. 
9. Brailsford SR, Tregaskis RB, Leftwich HS, Beighton D. The predominant 
Actinomyces spp. isolated from infected dentin of active root caries lesions. Journal 
of dental research 1999;78(9):1525-1534. 
10. Zijnge V, Ammann T, Thurnheer T, Gmur R. Subgingival biofilm structure. 
Frontiers of oral biology 2012;15:1-16. 
11. Blandizzi C, Malizia T, Lupetti A, Pesce D, Gabriele M, Giuca MR, et al. 
Periodontal tissue disposition of azithromycin in patients affected by chronic 
inflammatory periodontal diseases. Journal of periodontology 1999;70(9):960-966. 
12. Force RW, Nahata MC. Salivary concentrations of ketoconazole and 
fluconazole: implications for drug efficacy in oropharyngeal and esophageal 
candidiasis. The Annals of pharmacotherapy 1995;29(1):10-15. 
13. Pahkla ER, Koppel T, Saag M, Pahkla R. Metronidazole concentrations in 
plasma, saliva and periodontal pockets in patients with periodontitis. Journal of 
clinical periodontology 2005;32(2):163-166. 
14. Soriano F, Rodriguez-Cerrato V. Pharmacodynamic and kinetic basis for the 
selection of pneumococcal resistance in the upper respiratory tract. The Journal of 
antimicrobial chemotherapy 2002;50 Suppl S2:51-58. 
36 
 
15. Addy LD, Martin MV. Azithromycin and dentistry - a useful agent? British dental 
journal 2004;197(3):141-143; discussion 138. 
16. Lofmark S, Edlund C, Nord CE. Metronidazole is still the drug of choice for 
treatment of anaerobic infections. Clinical infectious diseases: an official 
publication of the Infectious Diseases Society of America 2010;50 Suppl 1:S16-23. 
17. Van Oosten MA, Notten FJ, Mikx FH. Metronidazole concentrations in human 
plasma, saliva, and gingival crevice fluid after a single dose. Journal of dental 
research 1986;65(12):1420-1423. 
18. Sorgo AG, Heilmann CJ, Dekker HL, Bekker M, Brul S, de Koster CG, et al. 
Effects of fluconazole on the secretome, the wall proteome, and wall integrity of the 
clinical fungus Candida albicans. Eukaryotic cell 2011;10(8):1071-1081. 
19. Gomes PN, da Silva WJ, Pousa CC, Narvaes EA, Del Bel Cury AA. Bioactivity 
and cellular structure of Candida albicans and Candida glabrata biofilms grown in 
the presence of fluconazole. Archives of oral biology 2011;56(11):1274-1281. 
20. Pereira-Cenci T, Deng DM, Kraneveld EA, Manders EM, Del Bel Cury AA, Ten 
Cate JM, et al. The effect of Streptococcus mutans and Candida glabrata on 
Candida albicans biofilms formed on different surfaces. Archives of oral biology 
2008;53(8):755-764. 
21. Koo H, Schobel B, Scott-Anne K, Watson G, Bowen WH, Cury JA, et al. 
Apigenin and tt-farnesol with fluoride effects on S. mutans biofilms and dental 
caries. Journal of dental research 2005;84(11):1016-1020. 
22. Guggenheim B, Giertsen E, Schupbach P, Shapiro S. Validation of an in vitro 
biofilm model of supragingival plaque. Journal of dental research 2001;80(1):363-
370. 
23. Guggenheim B, Guggenheim M, Gmur R, Giertsen E, Thurnheer T. Application 




24. Thurnheer T, van der Ploeg JR, Giertsen E, Guggenheim B. Effects of 
Streptococcus mutans gtfC deficiency on mixed oral biofilms in vitro. Caries 
research 2006;40(2):163-171. 
25. Del Bel Cury AA, Rached RN, Ganzarolli SM. Microwave-cured acrylic resins 
and silicone-gypsum moulding technique. Journal of oral rehabilitation 
2001;28(5):433-438. 
26. Moura JS, da Silva WJ, Pereira T, Del Bel Cury AA, Rodrigues Garcia RC. 
Influence of acrylic resin polymerization methods and saliva on the adherence of 
four Candida species. The Journal of prosthetic dentistry 2006;96(3):205-211. 
27. Mendes GC, Brandao TR, Silva CL. Ethylene oxide sterilization of medical 
devices: a review. American journal of infection control 2007;35(9):574-581. 
28. Shapiro S, Giertsen E, Guggenheim B. An in vitro oral biofilm model for 
comparing the efficacy of antimicrobial mouthrinses. Caries research 
2002;36(2):93-100. 
29. Gmur R, Guggenheim B. Antigenic heterogeneity of Bacteroides intermedius 
as recognized by monoclonal antibodies. Infection and immunity 1983;42(2):459-
470. 
30. Giertsen E, Arthur RA, Guggenheim B. Effects of xylitol on survival of mutans 
streptococci in mixed-six-species in vitro biofilms modelling supragingival plaque. 
Caries research 2011;45(1):31-39. 
31. Thurnheer T, Gmur R, Guggenheim B. Multiplex FISH analysis of a six-species 
bacterial biofilm. Journal of microbiological methods 2004;56(1):37-47. 
32. Straioto FG, Alves R, Filho AP, Del Bel Cury AA. Polytetrafluoroethylene 
added to acrylic resin: surface properties and Candida albicans adherence. 
American journal of dentistry 2010;23(4):201-204. 
38 
 
33. Zylber LJ, Jordan HV. Development of a selective medium for detection and 
enumeration of Actinomyces viscosus and Actinomyces naeslundii in dental plaque. 
Journal of clinical microbiology 1982;15(2):253-259. 
34. Arif N, Do T, Byun R, Sheehy E, Clark D, Gilbert SC, et al. Veillonella rogosae 
sp. nov., an anaerobic, Gram-negative coccus isolated from dental plaque. 
International journal of systematic and evolutionary microbiology 2008;58(Pt 
3):581-584. 
35. Klinke T, Guggenheim B, Klimm W, Thurnheer T. Dental caries in rats 
associated with Candida albicans. Caries research 2011;45(2):100-106. 
36. Koo H, Hayacibara MF, Schobel BD, Cury JA, Rosalen PL, Park YK, et al. 
Inhibition of Streptococcus mutans biofilm accumulation and polysaccharide 
production by apigenin and tt-farnesol. The Journal of antimicrobial chemotherapy 
2003;52(5):782-789. 
37. Amann RI, Binder BJ, Olson RJ, Chisholm SW, Devereux R, Stahl DA. 
Combination of 16S rRNA-targeted oligonucleotide probes with flow cytometry for 
analyzing mixed microbial populations. Applied and environmental microbiology 
1990;56(6):1919-1925. 
38. Amann RI, Ludwig W, Schleifer KH. Phylogenetic identification and in situ 
detection of individual microbial cells without cultivation. Microbiological reviews 
1995;59(1):143-169. 
39. Guggenheim M, Shapiro S, Gmur R, Guggenheim B. Spatial arrangements 
and associative behavior of species in an in vitro oral biofilm model. Applied and 
environmental microbiology 2001;67(3):1343-1350. 
40. Box GEP, Hunter WG, Hunter JS. Statistics for Experimenters: An Introduction 
to Design, Data Analysis, and Model Building New York: John Wiley & Sons 1978. 
41. Dezelic T, Guggenheim B, Schmidlin PR. Multi-species biofilm formation on 




42. Thurnheer T, Gmur R, Shapiro S, Guggenheim B. Mass transport of 
macromolecules within an in vitro model of supragingival plaque. Applied and 
environmental microbiology 2003;69(3):1702-1709. 
43. Lindenberg M, Kopp S, Dressman JB. Classification of orally administered 
drugs on the World Health Organization Model list of Essential Medicines 
according to the biopharmaceutics classification system. European journal of 
pharmaceutics and biopharmaceutics : official journal of Arbeitsgemeinschaft fur 
Pharmazeutische Verfahrenstechnik eV 2004;58(2):265-278. 
44. Girard AE, Cimochowski CR, Faiella JA. The comparative activity of 
azithromycin, macrolides and amoxycillin against streptococci in experimental 
infections. The Journal of antimicrobial chemotherapy 1993;31 Suppl E:29-37. 
45. Ha KC, White TC. Effects of azole antifungal drugs on the transition from yeast 
cells to hyphae in susceptible and resistant isolates of the pathogenic yeast 
Candida albicans. Antimicrobial agents and chemotherapy 1999;43(4):763-768. 
46. Morales DK, Hogan DA. Candida albicans interactions with bacteria in the 
















Os resultados do presente trabalho demonstraram que os diferentes 
substratos presentes na cavidade oral não favorecem a prevalência de espécies 
de micro-organismos no biofilme e também que antimicrobianos de uso sistêmico 
em concentrações encontradas na saliva são capazes de promover alterações nas 
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APÊNDICE 1 - Ilustrações de Materiais e Métodos 
 
 
Figura 1: Confecção de espécimes de resina acrílica (PMMA) nas mesmas dimensões 
dos espécimes de hidroxiapatita e titânio. A - Inserção da resina dentro da matriz metálica, 
B - fechamento da matriz para posterior polimerização da resina e C - espécimes de 






Figura 2: A - Polimento dos espécimes em politriz horizontal (APL-4; Arotec, São Paulo, 
Brazil) e B - mensuração da rugosidade de superfície dos espécimes por meio de 




Figura 3: Reativação dos micro-organismos para preparo do biofilme multiespécies. A - 
culturas de estoque de cada micro-organismo armazenadas a -80 ºC, B - semeadura de 
cada micro-organismo em meio agar sangue Columbia (CBA) para reativação inicial, C - 
coleta de colônias crescidas no meio CBA, D - transferências das colônias para meio FUM 
0,3% glicose e E - mistura dos micro-organismos crescidos em meio FUM (OD500=1.0 ± 





Figura 4: Formação do biofilme multiespécies. A - acoplamento dos espécimes a 
suportes metálicos, B - posicionamento dos espécimes dentro dos poços da placa de 





Figura 5: Coleta do biofilme para posterior plaqueamento e contagem. A - tubo criogênico 
contendo 3 mL de solução salina, B - sonicador utilizado (Sonifier 150™, Branson 
Ultrasonics Corporation, Danbury, CT, USA) e C - tubo criogênico com o espécime em 
seu interior para remoção do biofilme aderido ao substrato e separação das células 





































































ANEXO 2 - Confirmação de submissão de atigo  ao periódico Letters in Applied 
Microbiology 
 
